Visualizing the behavior of human Rad51 at the single-molecule level.
The repair of double-stranded DNA breaks by homologous recombination is essential for maintaining genome integrity. Much of what we know about this DNA repair pathway in eukaryotes has been gleaned from genetics, in vivo experiments with GFP-tagged proteins and traditional biochemical experiments with purified proteins. However, many questions have remained inaccessible to these experimental approaches. Recent technological advances have made it possible to directly visualize the behaviors of individual DNA and protein molecules in vitro, and it is now becoming feasible to apply these technology-driven approaches to complex biochemical systems, such as those involved in the repair of damaged DNA. This report summarizes the use of total internal reflection fluorescence microscopy to probe fundamental aspects of protein-DNA interactions at the single-molecule level, and specific emphasis is placed on our efforts to develop new methods and techniques for studying DNA repair. Using these new approaches we are investigating the DNA-binding behavior of human Rad51 and we have recently demonstrated that this protein can slide on dsDNA via a one-dimensional random walk mechanism driven solely by thermal fluctuations of the surrounding solvent. Here, we highlight some possible implications of this recent finding, and we also briefly discuss the potential benefits of future single-molecule studies in the study of protein-DNA interactions and DNA repair.